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Description 

Method and apparatus for treatment of tubular organs. 



5 Background of the Invention 

This application relates to the localized 
treatment of disease in hollow tubular organs, such as 
blood vessels, and other tissue lumens. The treatment 
regime involves the introduction of a therapeutic 
10 agent into a region of the tissue lumen defined by two 
expansile members. In particular, the application 
relates to the use of this technique to perform 
"bloodless angioplasty" in blood vessels having flow 
restrictions due to atherosclerotic plaque. 
15 Within the bodies of animals, including man, 

there exist those organs or structures having hollow 
or tubular geometry, for example blood vessels such as 
arteries or veins, the gut and the bladder. In 
addition, there exist many "solid" organs which 
20 possess true spaces such as cavities, cavernous 

sinuses, lumens etc. These "solid" organs include the 
heart, liver, kidney and pancreas. Finally disease 
processes (e.g., necrotic tumors) and traumatic injury 
may create spaces within otherwise solid organs. 
25 The lumens afforded by these various types of 

spaces can be affected by a variety of disease 
processes. For example, the lumen may be occluded 
thus limiting or preventing flow through the lumen. 
Since the lumen of many hollow orcans serves a vital 
30 function, e.g., the transit conduir for blood, urine, 
bile or food, this restriction of flow through the 
lumen is detrimental. A particular example is the 
development and growth of an occluding atheroma 
(atherosclerotic plaque) in an artery, thereby 
. 35 reducing the blood flow through the artery. 
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breakdown products/wastes; (3) normal release of 
downstream acting vasoreactive substances, i.e., 
endothelial derived relaxation factor (EDRF); and (4) 
normal metabolism of locally acting growth substances 
5 such as PDGF made by endothelial cells, thereby 

altering local vessel wall growth control and repair 
capabilities . 

Further, even if there is not a change in the 
apparent makeup of the tissue surrounding the lumen, 
10 the metabolism of these cells may change. Thus, . the 
production of required mediators such as growth 
factors and hormones may be disturbed. This also 
happens in atherosclerosis, where trans-vessel wall 
flow of nutrients, oxygen, lipid compounds, and growth 
15 factors are typically altered. 

Although the types of problems which can occur in 
hollow organs and tissue lumens are generally recog- 
nized, the treatment regimes available generally 
attempt to treat the symptom rather than the under ly- 
20 ing cause. This has a number of drawbacks, as can be 
illustrated using atherosclerosis as an example. 

In atherosclerosis, the overall problem is the 
progressive build-up of an atheroma or atherosclerotic 
plaque at a focal location on an artery wall. The 
25 plaque is a complex of multi-component three dimen- 
sional structure composed of proliferating smooth 
muscle cells, stimulated macrophages and other inflam- 
matory cells, chemically modified lipid components, ' 
i.e., cholesterol, oleate:linoleate esters, stiff 
30 connective tissue, i.e., collagen, and calcium. The 
distribution of plaque in the vessel wall is such that 
the bulk of the disease mass resides as an obstructing 
growth or "bulge" within the vessel lumen. This leads 
to reduced blood flow across the point of the plaque 
35 and subsequent reduced downstream blood flow. If such 
a restriction of flow occurs in the vital arterial 
beds, e.g., the coronary arteries in the heart or the 
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conjunction with a physical attack (such as PTCA) on 
the diseased region. 

Summary of the Invention 

In accordance with the claimed invention, 
5 diseased portions of tissue lumens can be advan- 
tageously treated by the focal introduction of at 
least one therapeutic agent to the lumen at the 
diseased point. This can be accomplished by 

(a) introducing a catheter into the tissue. 
10 lumen, said catheter comprising first and second 

expansile members and means for supplying therapeutic 
agent into. a space between said first and second 
expansile members, and said catheter being positioned 
such that said first and second expansile members are 
15 disposed on opposite sides of the diseased region; 

(b) expanding the expansile members to occlude 
the diseased region of the tissue lumen; 

(c) introducing therapeutic agent to the 
occluded diseased region via said means for supplying 

20 therapeutic agent; 

(d) allowing the catheter to remain in place for 
a therapeutically effective period of time; 

(e) contracting the expansile members; and 

(f) removing the catheter. 

25 A particularly preferred application of the 

method of the invention is "bloodless angioplasty." 
In this apiplication, the occluded diseased region is 
washed to remove blood prior to the introduction of 
the therapeutic agent. Then, the diseased region is 

30 treated with a therapeutic agent to suppress cell 

proliferation in the diseased region. The plaque is 
then disrupted, for example by conventional balloon 
angioplasty, atherectomy, laser plaque removal or 
ablation. Finally, the occluded region may be treated 

35 with a medicament to promote vessel healing and sealed 
with a polymeric coating. Because blood does not come 
into contact with the media which may be exposed 
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substances which alter the metabolism of the cells or 
reduce the tendency for thrombosis within the diseased 
portions of the tissue. Examples for use in coronary 
artery applications are vasodilating agents i.e. 
5 nitrates and calcium channel blocking drugs; anti- 
proliferative agents i.e. colchicine and alkylating 
agents; intercalating agents; growth modulating 
factors such as interleukins , transformation growth 
factor b, congeners of platelet derived growth factor 
10 and monoclonal antibodies directed against growth 
factors; anti-thrombotic agents, e.g., anti-GIIb/3a, 
trigramin, prostacyclin and salicylates; thrombolytic 
agents e.g. streptokinase, urokinase, tissue plas- 
minogen activator (TPA) and anisoylated plasminogen- 
15 streptokinase activator complex (APSAC); anti- 
inflammatory agents, both steriodal and non-steroidal 
and other agents which may modulate vessel tone, 
function, arteriosclerosis, and the healing response 
to vessel or organ injury post intervention. Anti- 
20 prolifierative drugs or high efficacy anti-inflammatory 
drugs are also useful for treatment of focal vasculi- 
tides or other inflammatory arteritidies, e.g., granu- 
lomatous arteritis, polyarteritis nodosa, temporal 
arteritis and Wegner's granulomatosis. Anti- 
25 inflammatory agents are also useful in connection with 
indications such as inflammatory bowel disease, 
Crohn's disease, ulcerative colitis and focal GI 
inflammatory diseases. In other applications , 
adhesives may be introduced in accordance with the 
30 invention to help heal dissections, flaps and 
aneurysms. Exemplary adhesives include cyano- 
acrylafes, gelatin/resorcinal/f ormol, mussel adhesive 
protein and autologous fibrinogen adhesive. The term 
"therapeutic agents" does not encompass solubilizing 
35 or dissolving agents which disrupt the atherosclerotic 
plaque. 

Catheter devices in accordance with the invention 
may include a variety of variations and modifications 
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as will be discussed in greater detail below. In 
general, however, the catheters bodies for use xn thrs 
lion can he made of any known material, xnclud.ng 
metals, e.g. steel, and thermoplastic polymers, and 

5 may be continuous tuhes or woven, spring-like struc- 
tures. The expansile members balloons may be made 
from compliant materials such as latex or sxlxcone, or . 
non-compliant materials such as polyethylenetere- 
phthalate (PET) , polyvinylchloride (PVC), 

0 or nylon. The.catheter .may also 

or more locations to aid in locating the catheter. 
These markers can be, for example, fluoroscopic • 
radio-opaque bands affixed to the tubular body by heat 

5 Seali II*used in the' specification and claims of this 

' application, the term "paving" refers to the applica- 
tion of a conforming polymeric coating. to the surface 
of the tissue lumen. Thus, in "paving," a polymery 
material, either in the form of a monomer or prepoly- 

,0 mer solution or as an at least partially 

' polymeric product, is introduced into the lumen of the 
blood vessel and positioned at the point of the 
original stenosis. The polymeric product xs then 
reconfigured to conform to and maintain intxmate 

25 contact with the interior surface of the blood vessel 
such that a paving and sealing coating xs achieved. 
The polymeric paving and sealing material may xncorpo- 
rate therapeutic agents such as drugs, drug producxng 
cells, cell regeneration factors or even progenxtor 

30 cells of the same type as the involved organ or 
histologically different to accelerate healing 
processes. Paving is described further xn U.S. Patent 
application No. 07/235,998 and International Patent 
Application No. PCT/US89/03593, both of whxch are 

35 incorporated herein by reference. 

Fig. 1 shows a six lumen catheter device xn 
accordance with the invention. In Fig. 1, there are 
two expansile members 150 and 151, both connected to 
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conduit 152. Expansile members 150 and 151 serve to 
fix the position of the tubular body 100 within a 
tissue lumen and isolate the diseased portion of the 
tissue lumen between them where the therapeutic agent 
5 will be applied. Expansile member 153 may be a 

standard angioplasty balloon or used in deployment of 
a polymer paving, or both, and is provided with 
circulating flow via conduits 154 and 155. In the 
case that expansile member 153 is used to deploy a 
10 polymeric paving, conduits 154 and 155 can be used to 
provide temperature control to the isolated portion of 
the tissue lumen f as well as acting to configure the 
polymeric coating formed by expanding a polymeric 
sleeve and other deployed form fitted over expansile 
15 member 153. The therapeutic agent is provided from 
reservoir 159 through conduit 156, with conduit 157 
acting as a drain line (or vice versa) to allow flow 
of fluid through the isolated portion of the tissue 
lumen ( "superf usion" ) . The drain line is not 
20 required , however, and a simple infusion catheter 
could omit one of the conduits 156 or 157 as in the 
five lumen designs of Pig. 2 although a perfusion 
design is preferred. The sixth conduit 158 is also 
optional, but can be advantageously used for guide 
25 wires, diagnostic or therapeutic device passage, or 
distal fluid perfusion. If conduit 158 has an 
aperture proximal to balloon 151, it can be used as a 
by-pass conduit for passive perfusion during 
occlusion. 

30 The catheter of Fig. 1 can be used in accordance 

with the method of the invention to perform procedures 
such as "bloodless angioplasty" as sh *n schematically 
in Fig. 3. In this technique, a catheter 1 is 
inserted into a partially blocked blood vessel 2 into 

35 the region of the lesion 3. (Fig 3a) The catheter is 
positioned such that expansile members 150, 151 are 
disposed on opposite sides of the lesion 3 and 
expansile members 150, 151 are then expanded to 
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adriamycin, methotrexate, vinca alkaloids such as 
colchicine, cytochalsin, vincristine and vinblastine, 
5-fluorouracil, and nitrogen mustard. 

Other anti-proliferative drugs may also be used 
5 including heparins, in both anti-coagulant and non- 
anti-coagulant form; anti-proliferative vasodilatory 
drugs , such as adenosine, cyclic GMP-elevating 
vasodilators, angiotensin converting enzyme inhibi- 
tors, calcium channel blockers and prostaglandin El; 
10 prostacyclin; trapidil, terbinafine, protein kinase C 
activating phorbol esters and dimethylsulfoxide 
(DMSO). Fish oil may also be used as an anti- 
proliferative agent and to inhibit endothelial 
production of platelet derived growth factor ( PDGF ) . 
15 Fish oil could not be administered in a conventional 
IV mode because of its insolubility, but could be used 
in accordance with the invention. Suramin, a PDGF 
antagonist with high anti-proliferative profiles but 
high clinical toxicities might also be employed. 
20 Anti-proliferative antibodies to PDGF; or IL-1; 

TGFb; alpha and gamma interferon; angiopeptin (BIM 
23034) and other peptides can also be used in the 
invention, although they cannot be administered 
generally because of the risk of an immune response. 
25 Focal treatment with anti-coagulants is also 

desirable in restenosis treatment to reduce the 
tendency for clot formation at the PTCA site. These 
materials could be introduced in solution and allowed 
to soak into the vessel wall, or might be deposited as 
30 a gel or surfactant coating which adheres to. the 
vessel wall. 

As an alternative to the angioplasty balloon as 
shown in Fig, 1, plaque disruption can be carried out 
using a heated balloon to fuse disrupted tissue, as 
35 disclosed in U.S. patent No. 4,799,479 to Spears or 
U.S. Patent No. 4,754,752 to Ginsburg et al.; a woven 
fibrous tube as disclosed in U.S. Patent No. 4,650,466 
to Luther; or laser light, as disclosed in U.S Patent 
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No. 4,445.892 to Hussein so -•''•"• »^,^ 
4.448,1*. to Loeb or O.S. patentee. .622.4^ o 
Mckrooe. Solubilizing agents may also be P 

Miicox and Wolinsky. 
disclosed by Wexkl et al., Wilcox fche 
The therapeutic agent used in accora* 
5 Tne tnex. f , . , he form 0 f a solution 

invention may be introduced » the form o 
as described above. Alternatively, however, the 
therapeutic agent may be administered as a gas o m 
tne form of micropar tides. For example, as a gas, 
i0 Xylene oxide, mustard gas or chloroform vapors may 

- ^ZT^ — -rmed from 

b e polymers such as polylactic acid, P°^™ 
15 ac d, Polycaprolactone, polydioxanone, starch, gelatin 
an polyanhydrides or nondegradable polymers such as 
stvrL or acrolein. Drug-containing liposomes may 
styrene or a _ referred si2es of microparticles 

also be employed. Preferred than , 

are less than 4 microns, more preferaDiy 

in accordance with the invention. In this cathet", 
L -up expansile members 401 and 402 are opposed 
outwardly from the prinoipal occluding expansrle 
25 Hers ISO and 1S1. This bacs-up «p.nsi, . 

creat e a safety rone to prevent spxll-ov o he a 
peutic agents from the isolated rone 4 into the 

""'Serious other modifications to the basic design 
30 of the catheter shown in rig. 1 are also c°^»" d 
within the scope of the invention. For example, a 
"weeping" balloon may be employed in place of the 
standard angioplasty balloon such that materrals ma, 
be delivered to the isolated zone through pores in the 
35 baUo Similarly, guidewires may be incorporated xn 
^e catheter of the invention, or the two 
helicons may be disposed on slidably interlocking 
catheter portions to provide for adjustable 
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interballoon distances. Finally, one or both of the 
balloons may be equipped with spray ports or nozzles 
to deliver a gas or particulate therapeutic agent to 
the isolated zone. 
5 The catheter device of the invention may also 

include a pump or vacuum system to deliver the 
therapeutic agent from the reservoir to the tissue 
lumen. Such a pump maybe servo-controlled to allow 
for dynamic pressurization of the isolated zone to 
10 facilitate diffusion and/or active penetration of the 
lesion. Alternate cycling of pressure and vacuum may 
be advantageously employed to facilitate penetration 
of the lesion or organ wall. 

Other features that may also be included within 
15 the catheter of the invention include heating 

elements , such as coaxial heating elements within one 
or more sublumens of the catheter body to provide heat 
to the conduit to facilitate instillation of polymers 
or surfactants which are solid at room temperature but 
20 which melt with slight heating. Such heating elements 
are particularly applicable in the case where a 
polymeric coating is being formed, either during the 
introduction of therapeutic agent or as part of a 
post-disruption treatment. The catheter may also 
25 incorporate a high-frequency ultrasound crystal or 
element or other acoustically vibrating element 
between the two expansile members to facilitate fluid 
penetration into the lesion. Such devices may also 
facilitate vibrational or ul;trasonic welding (i.e., 
30 coalescing) or polymer solutions or microparticles 
leading to the formation of coating on the vessel 
surface. 

In addition, the person skilled in the art will 
understand that variations in the number of lumens 
35 within the catheter body may be made without departing 
from the present invention. For example. Fig. 5 shows 
a seven lumen catheter in which the expansile members 
which occlude the diseased region are separately 
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Claims 



1. A method for providing localized therapy with a 
therapeutic agent to a diseased region in a 
tissue lumen, comprising: 
5 (a) introducing a catheter into the 

tissue lumen, said catheter comprising first 
and second expansile members and means for 
supplying therapeutic agent into a space 
between said first and second expansile 
10 members and said catheter being positioned 

such that said first and second expansile 
members are disposed on opposite sides of 
the diseased region; 

(b) expanding the expansile members to 
15 occlude the diseased region of the tissue 

lumen; 

(c) introducing therapeutic agent to 
the occluded diseased region via said means 
for supplying therapeutic agent; 

20 (d) allowing the catheter to remain in 

place for a therapeutically effective period 
of time; 

(e) contracting the expansile members; 

and 

25 (f) removing the catheter. 

2. A method according to claim 1, wherein the tissue 
lumen is the interior of a blood vessel. 

3. A method according o claim 1 or 2, further 
comprising the step of washing the occluded 

30 region of the tissue lumen to remove body fluid 

prior to introduction of the therapeutic agent. 



4. . A method according to claim 3 r further comprising 
the step of disrupting the diseased region of the 
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introduction of the therapeutic acent. 

t , la i« 4, further comprising 

tissue lumen after dilatation. 

*• claim 5, wherein the paving 

A method according to claim b, 
is introduced as a liquid or gel. 

! ' "*■ •**• _ whe rein the paving 

. »ethoa according „ 5 . » 
is introduced as an at least pa 
merited, deformable sleeve. 

A method according to claim 1, further comprising 
t Z step of paving the occluded region of the 
tissue lumen after dilatation. 

, a : m q wherein the paving 
A method according to claim 8, whe 

is introduced as a liquid or gel. 

a- « to claim 8, wherein the paving 
A method according to claim , 

is introduced as an at least pa 

polymerized, deformable sleeve. 

therapeutic agent is seie 

consisting of antithrombotic a s caicium 
thrombolytic agents, ^J*^^ 
channel blocking drugs, anti pro! 
agents, intercalating agents, growth 
factors and anti-inflammatory agents. 

balloon- 
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A catheter device for providing localized therapy 
with a therapeutic agent to a diseased region in 
a tissue lumen, comprising: 

(a) a flexible tubular body having 
proximal and distal ends, which tubular body 
defines a lumen divided into a plurality of 
sublumens, each sublumen extending from the 
proximal end of the tubular body toward the 
distal end of the tubular body and connect- 
ing to at least one aperture in the tubular 
body whereby each sublumen forms a conduit 
for fluid flow between at least one aperture 
in the tubular body and the proximal end of 
the tubular body, 

(b) first and second expansile members 
disposed on the tubular body of the 
catheter , each of said expansile members 
being in alignment with an aperture in the 
tubular body such that fluid flow through 
the sublumen connected to the aperture will 
expand the expansile member; and 

(c) a reservoir containing therapeutic 
agent, said reservoir being connected to a 
sublumen having a distal aperture between 
said first and second expansile members. 

14, A catheter device according to claim 13, further 
comprising means for disrupting an atheroma 
disposed between said first and second expansile 
members. 

30 15. A catheter device according to claim 14, wherein 
the means for disrupting an atheroma is an 
angioplasty balloon. 

16. A catheter device according to claim 15, wherein 
the angioplasty balloon is heated. 
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the ter device according to claim 14, wherein 
A catheter aevic ant i-prolif erative 

the reS ervoir contains an ant! P r 

drug- 

nitrogen mustard. 

A ^r'a.viee accord^a » «Ui- 17. wherein 
t/etti-prolireratle. am, is a beparrn. 

» catbeter aeviee accord to ciai. 17. -rein 
the antiproliferative am, rs a antr 
proliferative vasoailator. 

^oup eonsistin, of fish oil. «'-»• 
proataoycun. ai-ethylsnlfoiiae. traprarl. 
terbafine ana phorbol esters. 

ft eatheter aeviee accorain, to 

tne entries 
group consisting of anti pro 
to peptides and growth factors. 

the reservoir contains a dio 

the ter device according to claim 13, wherein 
A catheter devic ant i-inf lammatory 

the reservoir contains an anti in 



agent, 
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